Lee et al. reported the first metal-organic framework (MOF)-fiber composite for the catalytic detoxification of a mustard gas simulant. The development of such wearable catalytic materials is an important step toward developing protection equipment that can simultaneously detoxify several chemical warfare agents (CWAs) under ambient conditions. Innocent civilian and military populations have suffered from long-term illness or death due to chemical warfare agent (CWA) attacks. Despite an international ban on CWA manufacturing and stockpiling, continued use of CWAs as weapons has necessitated the development of protective wear. Within the broad category of CWAs, different families of agents exist; these groups include nerve agents, exposure to which lead to asphyxiation, and blistering agents, which cause painful damage to skin and eyes. Mustard gas, otherwise known as HD or sulfur mustard, is a highly persistent and effective blistering agent that can be readily produced, and its detoxification is therefore considered highly important. Currently, ill-defined porous materials, such as metal-impregnated activated carbons, have been used as adsorbents in protective gear to uptake CWAs, including mustard gas. However, the lethal species will eventually permeate through the material once saturated and can still pose a grave threat. Therefore, the community has focused on developing catalysts that can detoxify the agents and implementing such high-performing species into a fabric-based material. A long-standing goal for the field is to develop a composite material capable of detoxifying both nerve and blistering agents under atmospheric conditions. To access such versatility in material design, metalorganic frameworks (MOFs) have been well-studied because of their modular building blocks, inorganic nodes that self-assemble with organic linkers, to form a multi-dimensional, highly crystalline material. Record surface areas within these porous materials result in high uptake capacities for CWA agents while present active sites can subsequently detoxify the toxic analytes.
Select work from our group demonstrated the efficacy of Lewis-acid-based MOFs for the hydrolysis of organophosphorus nerve agents 1,2 and subsequent incorporation into a fabric, recently under ambient conditions. 3 The structure of mustard gas inherently offers more detoxification pathways. Partial oxidation is considered the most promising pathway for HD detoxification because the other pathways exhibit slow reaction rates, are unselective, and yield toxic HCl as a byproduct. However, the two possible oxidation products vary in their toxicity; the doubly oxidized sulfone possesses similar blistering properties as mustard gas, whereas the singly oxidized sulfoxide is considered benign. Many oxidants have been explored to achieve such selectivity, and singlet oxygen ( 1 O 2 ), generated from photosensitizers, has emerged as the most promising candidate. Moreover, the use of an atmospherically accessible oxidant is enticing for real-world implementation. Cheap and readily available light emitting diodes (LEDs) have been implemented to yield singlet oxygen in the presence of photosensitizers installed as organic struts in MOFs. 4 However, a practical catalyst must be amenable to incorporation on fibrous surfaces and facilitate oxidation under darkness.
Parsons and co-workers 5 have developed highly effective MOF-fiber composites for the degradation of mustard gas simulants, bridging the gap between MOFs catalysts for mustard gas detoxification and MOF-fibers capable of CWA removal. To create the material, authors fixed an MOF based on porphyrin linkers and aluminum oxidehydroxide chain nodes onto polypropylene fibers (Figure 1 ). These classes of MOFs, containing photosensitizers as linkers, have been previously used as powders to catalyze partial oxidation of a mustard gas simulants under LED irradiation, 4, 6 and thin films of similar MOFs have also been synthesized for mustard gas simulant photo-oxidation. 7 Methods for depositing MOFs on fibers through prior atomic layer deposition (ALD) treatment have been previously designed by the Parsons group, 8 and MOF-fiber materials have been demonstrated as catalysts in the hydrolysis of organophosphate nerve agents and as adsorbents for the sequestration of mustard gas and its simulants. 9, 10 Al-based MOFs are known for their flexibility, an advantageous property allowing for flexibility in the supporting fiber and for enhanced gas capture. This work is the first demonstration of a MOF-fabric composite that achieves the catalytic degradation of a mustard gas simulant. 5 In the synthesis, alumina was coated on the polypropylene fibers. Conditions to synthesize the MOF, denoted Al-PMOF, on the polypropylene fiber were then optimized with a DMFwater mixture serving as the optimal solvent for solvothermal synthesis. The Al-PMOF on the fiber showed high crystallinity and surface area. The material was then utilized for the partial oxidation of a mustard gas simulant 2-chloroethylsulfide (CEES) under blue LED irradiation. The superior performance of this material over other MOF-based photocatalysts was attributed to the orientation of the 2D nanosheets that are grown radially to the polypropylene surface. This orientation provided facile diffusion of CEES to produce high local concentration and exposed high surface area to the incident light, reducing scattering by the MOF crystal. This impressive work by Parsons and coworkers improves upon previous work to create wearable materials that could potentially detoxify HD. Ultimately, the goal of this chemistry is a catalyst or composite capable of multiple CWA detoxifications under ambient conditions, using only O 2 with humid conditions in the light and dark, which can be made using green conditions. To be employable on clothing, the material would provide adequate adsorption protection in addition to detoxification while remaining breathable, allowing for moisture transport. This work takes a tremendous step toward creating textiles with sufficient protection against CWAs.
